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ELECTROSTATIC CHUCK AND METHOD OF
FORMING

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application claims priority from U.S. Provi-

sional Patent Application No. 60/871,882, filed Dec. 26,
2006, enftitled “ELECTROSTATIC CHUCK AND
METHOD OF FORMING”, naming inventor Matthew A.
Simpson, which application 1s incorporated by reference
herein 1n 1ts entirety.

BACKGROUND

1. Field of the Disclosure

This disclosure 1s directed to an electrostatic chuck (ESC)
and 1s particularly directed to electrostatic chucks for use 1n
processing of display panels.

2. Description of the Related Art

Chucks are used to support and hold waters and substrates
in place within high temperature and corrosive processing
chambers such as those used for chemical vapor deposition,
physical vapor deposition, or etching. Several main types of
chucks have been developed. Mechanical chucks stabilize
walers on a supporting surface by using mechanical holders.
Mechanical chucks have a disadvantage in that they often
cause distortion of workpieces due to non-uniform forces
being applied to the waters. Thus, wafers are often chipped or
otherwise damaged, resulting 1 a lower yield. Vacuum
chucks operate by lowering the pressure between the water
and the chuck below that of the chamber, thereby holding the
waler. Although the force applied by vacuum chucks 1s more
uniform than that applied by mechanical chucks, improved
flexibility 1s desired. In this respect, pressures 1in the chamber
during semiconductor manufacturing processes tend to be
low, and suilicient force cannot always be applied.

Recently, electrostatic chucks (ESCs) have been used to
hold workpieces 1n a processing chamber. Electrostatic
chucks work by utilizing a voltage difference between the
workpiece and electrodes that can be embedded 1n the body of
the electrostatic chuck, and may apply a more uniform force
than mechanical chucks.

Broadly, there exist two types of ESCs: a unipolar type and
a bipolar type. The unipolar, or parallel plate ESC includes a
single clectrode and relies upon plasma used within the pro-
cessing chamber to form the second “electrode™ and provide
the necessary attractive forces to hold the substrate in place on
the chucking surface. The bipolar, or integrated electrode
ESC, includes two electrodes of opposite polarity within the
chuck body and relies upon the electric field generated
between the two electrodes to hold the workpiece 1n place.

Additionally, 1n an ESC, the chucking of a wafer can be
achieved using a Coulombic force or Johnsen-Rahbek (JR)
elfect. Chucks using a JR eflect use a resistive layer between
the electrode and the workpiece, particularly in workpieces
that are semiconductive or conductive. The resistive layer has
a particular resistivity, typically less than about 10" Ohm-
cm, to allow charges within the resistive layer to migrate
durmg operation. That1s, during operation of a JR effect ESC,
charges within the resistive layer migrate to the surface of the
chuck and charges from the workpiece migrate toward the
bottom surface thereby generating the necessary attractive
clectrostatic force. In contrast, ESCs utilizing a Coulombic
elfect rely upon the embedded electrode as essentially one
plate of a capacitor and the workpiece as the second plate of
a capacitor, and a dielectric material between the plates.
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When a voltage 1s applied across the workpiece and the elec-
trode, the workpiece 1s attracted to the surface of the chuck.

Despite improvements i ESCs, various industries con-
tinue to demand 1improved performance, for example, those
industries processing larger, more massive substrates and
workpieces. Notably, the glass industry and particularly the
display industry are moving rapidly to produce displays of
larger size. This shift to processing of larger workpieces,
generally within high temperature and corrosive processing
environments, places further demands on ESCs used during
processing.

SUMMARY

According to a first aspect, a Coulombic electrostatic
chuck is provided that includes a substrate, a conductive layer
overlying the substrate, and an arc elimination layer overlying
the conductive layer. The electrostatic chuck further includes
a high-k dielectric layer overlying the arc elimination layer,
wherein the high-k dielectric layer has a dielectric constant of
not less than about 10 and a resistivity of not less than about
10" Ohm-cm.

According to another aspect, a method 1s provided for
forming a Coulombic electrostatic chuck, the method
includes providing a substrate, forming a conductive layer
made of a conductive material overlying the substrate, and
forming an arc elimination layer overlying the conductive
layer. The method further includes forming a high-k dielectric
layer overlying the arc elimination layer, wherein the high-k
dielectric layer has a dielectric constant of not less than about
10 and a resistivity of not less than about 10'* Ohm-cm.

According to another aspect, a method of forming an elec-
tronic device 1s provided that includes providing a Coulombic
clectrostatic chuck having (1) a substrate, (11) a conductive
layer overlying the substrate, (111) an arc elimination layer
overlying the conductive layer, and (1v) a high-k dielectric
layer overlying the arc elimination layer. The high-k dielec-
tric layer has a dielectric constant of not less than about 10 and
a resistivity of not less than about 10'' Ohm-cm, the high-k
dielectric layer defining a work surface. The method further
includes providing a workpiece overlying the work surface,
providing a voltage across the electrostatic chuck and the
workpiece to maintain the workpiece in proximity to the work
surface, and processing the workpiece to form an electronic
device.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and 1ts
numerous features and advantages made apparent to those
skilled 1n the art by referencing the accompanying drawings.

FIG. 1A 1s a flow chart 1llustrating a method of forming an
ESC according to a particular embodiment.

FIG. 1B 1s a cross-sectional illustration of layers formed
during the formation of an electrostatic chuck according to an
embodiment.

FIG. 1C 1s a cross-sectional illustration of layers formed
during the formation of an electrostatic chuck according to an
embodiment.

FIG. 1D 1s a cross-sectional 1llustration of layers formed
during the formation of an electrostatic chuck according to an
embodiment.

FIG. 1E 1s a cross-sectional illustration of layers formed
during the formation of an electrostatic chuck according to an
embodiment.
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FIG. 1F 1s a cross-sectional 1llustration of layers formed
during the formation of an electrostatic chuck according to an

embodiment.

FIG. 1G 1s a top view of a conductive layer of an ESC
according to one embodiment.

FI1G. 2 1s a cross-sectional illustration of an ESC according,
to one embodiment.

The use of the same reference symbols in different draw-
ings indicates similar or identical 1tems.

DESCRIPTION OF THE EMBODIMENT(S)

Referring to FIGS. 1A through 1F, a method according to
an embodiment 1s initiated at step 101 by providing a sub-
strate 151 suitable for forming overlying layers thereon. Suit-
able maternials for the substrate 151 generally include 1nor-
ganic materials. Such morganic maternials can 1include single
crystalline, polycrystalline, or amorphous inorganic materi-
als mcluding for example, ceramics, glass-ceramics, and
glasses. According to a particular embodiment, the substrate
includes an insulating material, such as oxide-based materi-
als. Suitable oxide-based materials can include aluminum
oxide or silicon oxide, and are formed from a composition
containing a majority of alumina oxide or silicon oxide. Such
materials may be complex oxides or multiphase materials.

Other suitable inorganic materials for the substrate 151 can
include metals and metal alloys. Suitable metals generally
include aluminum, ferrous metals, or combinations thereof.
In such embodiments utilizing a metal-containing substrate,
the metal or metal alloy forms a base of the substrate, and a
coating can be applied to a surface of the base. Generally, the
overlying layer, noted above, 1s 1n contact with the coating.
Such a coating can be an 1morganic composition, generally
being single crystalline, polycrystalline, or amorphous. Suit-
able coating materials generally include insulating materials,
such as a ceramic, glass-ceramic, or glass material. As such,
suitable insulating materials can be oxide-based matenals,
such as yttrium oxide, aluminum oxide, zirconium oxide, or
s1licon oxide. Such oxides can be compound oxides or mul-
tiphase oxides.

Generally, the substrate 151 1s robust component having an
average thickness of not less than 1.0 mm, such as not less
than about 2.0 mm, not less than about 4.0 mm, or even not
less than about 10 mm. Embodiments using a base/coating
structure typically have a coating thickness of not less than
about 200 microns, such as not less than about 300 microns,
or even not less than about 400 microns. According to a
particular embodiment, the coating thickness 1s within a
range of between about 200 microns to about 800 microns.

Moreover, the substrate 151 1s generally a dense article
having a low porosity. According to one embodiment, the
substrate 151 has a porosity of not greater than about 5.0 vol
%, such as not greater than about 2.5 vol %, or still not greater
than about 1.0 vol %. In reference to those embodiments
utilizing a substrate having a coating, generally the coating 1s
a dense structure. As such, the porosity of the coating is
generally not greater than about 20 vol %, such as not greater
than about 10 vol %, or even, not greater than about 5.0 vol %.

Referring again to FIGS. 1A through 1F, the method fur-
ther provides a step 103 of forming an insulating layer 153
overlying the substrate 151. The formation of the msulating
layer 153 1s generally carried out by a deposition process,
including for example, a thick film deposition process such as
printing, or a spraying (e.g., thermal spraying), or a thin film
deposition process such as chemical vapor deposition or
physical vapor deposition. In the context of a thermal spray-
ing process, plasma spraying may be utilized. It will be appre-
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4

ciated, that the mmsulating layer 153 1s particularly suitable for
embodiments utilizing a substrate made of an electrically
conductive material. The insulating layer 153 may be omuitted
il the substrate 151 1s an electrical insulator.

The materials of the mnsulating layer 153 are generally
inorganic materials. Such 1norganic materials can include
single crystalline, polycrystalline, or amorphous inorganic
materials including ceramics, glass-ceramics, and glasses. In
particular, such materials can imnclude oxide-based materials
for example, aluminum oxide, silicon oxide, zirconium
oxide, hatnium oxide, titanium oxide, chromium oxide,
yttrium oxide, 1ron oxide, barium oxide, barium titanate, and
tantalum oxide, or combinations thereof. According to one
embodiment, the insulating layer 153 includes at least one of
aluminum oxide, zirconium oxide, hafnium oxide, or tita-
nium oxide, and combinations and compound oxides thereof.
Moreover, the insulating layer 153 and the substrate 151 can
include the same materials, such as particularly the same
oxide-based materials, and may be formed of the same com-
position

Typically, the insulating layer 153 1s thinner in comparison
to the substrate 151 such that the msulating layer 153 has an
average thickness of not greater than about 500 microns, such
as not greater than about 400 microns, or even, not greater
than about 300 microns. Still, the insulating layer 153 may be
reasonably thick, generally having a thickness of not less than
about 50 microns, such as not less than 100 microns.

Like the substrate 151, the insulating layer 153 may be a
generally dense material having low porosity. The porosity of
the insulating layer 153 1s generally not greater than about 5.0
vol %, such as not greater than about 2.5 vol %, and 1n some
cases, not greater than about 1.0 vol %.

Referring again to FIGS. 1A through 1F, after forming the
isulating layer 153 overlying the substrate at step 103, the
method turther provides a step 105 of forming a conductive
layer 155 overlying the insulating layer 153. The formation of
the conductive layer 155 1s generally carried out by a depo-
sition process, mcluding for example, a thick film deposition
process such as printing or a spraying (e.g., thermal spraying)
or a thin film deposition process such as chemical vapor
deposition or physical vapor deposition. In the context of a
thermal spraying process, plasma spraying may be utilized.

The conductive layer 155 1s generally thinner 1n compari-
son to the substrate 151. According to one embodiment, the
conductive layer 155 has an average thickness of not greater
than about 100 microns, such as not greater than about 75
microns, and 1n some cases not greater than about 50 microns.
In one particular embodiment, the conductive layer 155 has
an average thickness within a range of between about 10
microns and about 50 microns.

In reference to the materials suitable for forming the con-
ductive layer 155, generally the conductive layer 155 1is
formed of a conductive material, particularly inorganic mate-
rials, such as a conductive metal, or metal alloy. Suitable
metals can include high temperature metals such as titanium,
molybdenum, nickel, copper, tungsten, 1ron, silicon, alumi-
num, and combinations or alloys thereof. In one particular
embodiment, the conductive layer 155 includes molybde-
num. Moreover, particular embodiments utilize a conductive
layer 155 having not less than about 25 wt % metal, such as
not less than about 50 wt % metal. According to another
embodiment, the conductive layer 155 includes not less than
about 75 wt % metal, such as not less than about 90 wt %
metal, and even 1n some 1nstances, the conductive layer 155 1s
made entirely of metal. The foregoing description of metal
includes elemental metal, metal composites, and metal
alloys.
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The conductive layer 155 can be a composite material, and
as such, 1n addition to the conductive material, the conductive
layer 155 can contain adhesion promoters. Such adhesion
promoters can be inorganic materials, such as conductive,
semi-conductive or even insulating materials. Such matenals
can be single crystalline, polycrystalline, or amorphous, such
as for example, ceramics, glass-ceramics, or glasses. Particu-
larly suitable adhesion promoters can include oxide-based
materials, such as yttrium oxide, aluminum oxide, zircontum
oxide, hatnium oxide, titantum oxide, chromium oxide, iron
oxide, silicon oxide, barium titanate, tantalum oxide, barium
oxide, or compound oxides thereot. According to one particu-
lar embodiment, a suitable adhesion promoter 1s the same
material of the underlying layer and/or overlying layer.

Adhesion promoters are generally present within the con-
ductive layer 155 1n an amount of less than about 75 vol %,
such as less than about 50 vol %, or less than about 25 vol %.
The amount of adhesion promoter can be less, such that the
conductive layer 155 contains not greater than about 10 vol
%, such as about 5 vol %. In one embodiment, the conductive
layer 155 1s formed via a thermal spraying process during
which the adhesion promoter material 1s provided simulta-
neously with the conductor material (e.g., a metal). In one
particular embodiment, the conductive layer 155 1s formed
via a spraying process that utilizes a composite powder com-
position, which includes the conductor material and the adhe-
sion promoter. The composite powder composition may
include not less than about 25 vol % conductor material, such
as not less than about 35 vol % conductor material, and 1n
particular instances, not less than about 50 vol % conductor.
The composite powder composition typically includes not
greater than about 75 vol % adhesion promoter, such as not
greater than about 50 vol % adhesion promoter, and even not
greater than about 25 vol % adhesion promoter.

In reference to the electrical properties of the conductive
layer 155, the sheet resistance of the conductive layer 1535
according to one embodiment is not greater than about 10°
ohms, such as not greater than about 10* ohms. According to
another embodiment, the sheet resistance of the conductive
layer 155 is within a range of between about 10! ohms and
about 10° ohms.

In further reference to the conductive layer 155, 1t 1s gen-
erally a continuous layer, conformally deposited over the
insulating layer 153 or the substrate 151. According to one
embodiment, the conductive layer 155 1s a substantially con-
tinuous layer of material.

Alternatively, the conductive layer 155 may form two 1s0-
lated regions to respectively form a cathode region 1564 and
an anode region 1565 as shown in FIG. 1G. Further, the
conductive layer 155 can include a pattern which accommo-
dates features 193 within the layer and extending through the
layers, such features can include cooling holes, perforations
tor facilitating dechucking, electrical contacts, and the like.
Notably, the conductive layer 155 can be patterned to provide
suitable spacing 195 from such features. According to one
embodiment, such spacing 1s generally greater than about 0.5
mm, such as greater than about 1.0 mm, or even, greater than
about 2.0 mm.

Generally, the conductive layer 135 does not extend to the
edge of the substrate 151, which construction may be advan-
tageous to maintain dielectric properties. As such, the con-
ductive layer 155 can be spaced from the edge of the chuck
such that a space 191 extends between the edge of the chuck
and the conductive layer and extends around the periphery of
the conductive layer 155. The average width of this space may
be generally greater than about 0.5 mm, such as greater than
about 1.0 mm, or even greater than about 2.0 mm.
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Referring again to FIGS. 1A through 1F after forming the
conductive layer 1535 overlying the insulating layer 153 at step
105, the method turther provides at step 107 forming an arc
climination layer 157 overlying the conductive layer 155.
Formation of the arc elimination layer 157 can be carried out
by a deposition process, including for example, a thick film
deposition process such as a printing, or a spraying (e.g.,
thermal spraying) process, or a thin film deposition process
such as chemical vapor deposition or physical vapor deposi-
tion. In the context of a thermal spraying process, plasma
spraying may be utilized.

In reference to the materials of the arc elimination layer
157, generally 1t includes an 1norganic material, and particu-
larly semiconductive materials, which can include a single
crystalline, polycrystalline, or amorphous material. Suitable
semiconductive materials can include ceramics, glass-ceram-
ics, or glasses. According to one embodiment, the arc elimi-
nation layer 157 includes an oxide-based material. Suitable
oxide-based materials can include for example, aluminum
oxide, silicon oxide, zirconium oxide, halnium oxide, tita-
nium oxide, chromium oxide, yttrium oxide, 1ron oxide,
barmum oxide, barium titanate, hatnium oxide, and tantalum
oxide. According to one particular embodiment, suitable
oxide-based materials include zirconium oxide, hatnium
oxide, barium titanate, and barium oxide, and combinations
and compound oxides thereof.

In one embodiment, the arc elimination layer comprises
not less than about 50 wt % of an oxide-based matenal. In
another embodiment, the arc elimination layer includes not
less than about 65 wt % oxide-based material, such as not less
than about 75 wt %, or even not less than about 90 wt %
oxide-based matenial.

Additionally, the arc elimination layer 157 may include
other inorganic materials, such as an 10nic conductor. Suitable
ionic conductors generally include materials having a glass-
ceramic or glass phase, such as solid electrolyte materials.
According to one embodiment, suitable 10nic conductors can
include oxide-based materials, such as silicates. Particularly
suitable silicate materials include doped silicate materials.
Doped silicate materials can be doped with 10ns, such as
cations, and particularly monovalent cations, such as L.
Other 10n1c conductors can include fluorine-based materials,
particularly fluorine-based materials having a glass phase.
Suitable fluorine-based materials can include fluorine com-
positions including metals, particularly transition metals, for
example, lanthanum fluoride. As such, the fluorine-based
materials can be doped with a cation, particularly a divalent
cation, such as Ca.

Typically, the arc elimination layer 157 includes not less
than about 50 wt % of such an 10onic conductor. According to
another embodiment, the arc elimination layer 157 includes
not less than about 75 wt %, or even, not less than about 90 wt
% of an 1onic conductor.

In reference to the electrical characteristics of the arc elimi-
nation layer 157, generally the arc elimination layer 157 1s
formed such that 1t has a resistance of not greater than about
10'° Ohms/cm”, such as not greater than about 10° Ohms/
cm”. In another embodiment, the arc elimination layer has a
resistance of not less than about 10* Ohms/cm?, such that the
resistance of the arc elimination layer 1s within a range of
between about 10* Ohms/cm” to about 10'° Ohms/cm”. The
foregoing resistance values are normalized to the surface area
of a contact. In particular, the resistance 1s measured with
upper and lower contacts, each having a surface area, and as
such the resistance 1s normalized for the total surface area of
the contacts.
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The arc elimination layer 157 typically has an average
thickness of not greater than about 500 microns. In one
embodiment, the arc elimination layer 157 has an average
thickness of not greater than about 400 microns, such as not
less than about 300 microns. Still, the arc elimination layer
157 1s formed such that 1t has an average thickness of not less
than 50 microns, and generally within a range of between
about 100 microns and about 400 microns.

Generally, the arc elimination layer 157 1s a dense matenial
having low porosity. The porosity of the arc elimination layer
157 1s typically not greater than about 10 vol %, such as not
greater than 5.0 vol %, and particularly not greater than about
2.0 vol %.

Referring again to FI1G. 1, after forming the arc elimination
layer 157 at step 107, the method includes, at step 109, a
process of forming a high-k dielectric layer 159 overlying the
arc elimination layer 157. Formation of the high-k dielectric
layer 159 can be carried out by a deposition process, includ-
ing, for example a thick film deposition process such as print-
ing or a spraying (e.g., thermal spraying), or a thin film
deposition process such as chemical vapor deposition or
physical vapor deposition. In the context of a thermal spray-
ing process, plasma spraying may be utilized.

Suitable materials for forming the high-k dielectric layer
include inorganic materials, particularly insulating materials.
Such materials can be single crystalline, polycrystalline, or
amorphous. Suitable insulating materials can include oxide-
based materials. Particularly suitable oxide-based materials
include aluminum oxide, titanium oxide, chromium oxide,
yttrium oxide, wron oxide, bartum oxide, barium titanate,
hatnium oxide, zirconium oxide, tantalum oxide, lead mag-
nesium niobate, sodium-bismuth titanates, lithium tantalate
and combinations and compound oxides thereof. According
to a particular embodiment, the high-k dielectric layer
includes at least one of titanium oxide, chromium oxide,
barmum oxide, zirconium oxide, and barium titanate, or a
combination or compound oxide thereof. Certain oxide-
based species are particularly adapted to be combined with
modifiers. For example, aluminum oxide and yttrium oxide
alone may be combined with other materials to increase the
dielectric constant of the high-k dielectric layer. Species such
as 1rron oxide may be combined with other materials, typically
oxide-based matenals, to form a combination or compound
oxide material having an increased resistivity. As such, the
high-k dielectric layer 159 can also incorporate the same
oxide-based matenal(s) as used to form an overlying or
underlying layer. Additionally, the high-k dielectric layer 157
can include an organic material. As such, the high-k dielectric
layer 157 can be a compound material incorporating 1nor-
ganic and organic components. Generally, the organic mate-
rial icludes polymers, and may particularly include non-
ionic polymers, and/or non-polar polymers. Generally,
suitable polymers include polyolefins, such as polyethylene,
polypropylene, and polybutene. Additionally, polymers such
as polyimides and polyamides can be used. Other suitable
polymer compositions include, polyesters, polyethers, acry-
lates, and silicones, such as dialkylpolysiloxane and fluoro-
silicones. In conjunction with inorganic materials, such
organic compounds facilitate reduced porosity and typically
do not comprise greater than about 50 wt % of the high-k
dielectric layer 157. Other embodiments utilize smaller
amounts, such that the high-k dielectric layer 157 includes
less than about 25 wt %, such as less than about 10 wt %, or
even less than about 5.0 wt % of an organic compound.

Notably, the high-k dielectric layer 159 includes a dielec-
tric material having a dielectric constant of notless than about
10. According to a particular embodiment, the high-k dielec-
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tric layer 159 includes a dielectric material having a dielectric
constant of notless than 15, such as not less than about 20, and
particularly not less than about 25. As such, the high-k dielec-
tric layer 159 generally has a high electrical resistivity such as
not less than about 10'" Ohm-cm. Other embodiments utilize

a high-k dielectric layer 159 having a resistivity of not less
than about 10*° Ohm-cm, and in some cases not less than 10*°
Ohm-cm.

In addition to the high-k dielectric layer 159 including a
material having a high dielectric constant, the high-k dielec-
tric layer 1s generally a robust layer. The high-k dielectric
layer 159 typically has an average thickness of not less than
100 microns. According to a particular embodiment, the
high-k dielectric layer 159 has an average thickness of not
less than about 200 microns, such as not less than about 300
microns. As such, the high-k dielectric layer 159 has an aver-
age thickness of not greater than about 500 microns, such that
generally the average thickness 1s within a range of between
about 200 microns and about 500 microns.

According to one particular embodiment, the high-k
dielectric layer 159 1s particularly smooth and provides a
work surface for receiving a workpiece. As such, the high-k
dielectric layer 159 has an average surface roughness, R _, of
not greater than about 40 microns on the top surface of the
high-k dielectric layer 159. According to another embodi-
ment, the high-k dielectric layer 159 has a surface roughness
(R ) not greater than about 20 microns, and in particular
embodiments, not greater than about 10 microns.

Referring again to FIGS. 1A through 1F, after forming a
high-k dielectric layer 159 overlying the arc elimination layer
at step 109, the process continues at step 111 by forming a
capping layer 161 overlying the high-k dielectric layer 159.
Formation of the capping layer 161 can be carried out by a
deposition process, including, for example a thick film depo-
sition process such as printing or a spraying (e.g., thermal
spraying), or a thin film deposition process such as chemical
vapor deposition or physical vapor deposition. In the context
of a thermal spraying process, plasma spraying may be uti-
lized.

Generally, the capping layer 161 includes an inorganic
material, such as a single crystalline, polycrystalline, or
amorphous material. Such morganic matenials can include a
ceramic, glass-ceramic, or glass material. Particularly suit-
able maternials can include oxide-based materials, such as
aluminum oxide and yttrium oxide, or combinations thereof.
Such materials can be compound oxides or multiphase
oxides. The purity of such oxide-based materials within the
capping layer 161 1s high to avoid contamination of work-
pieces during processing. The capping layer 161 generally
includes not less than about 75 wt % oxide-based matenial.

Moreover, the capping layer 161 1s typically a dense layer
having a low porosity, of which, such porosity 1s generally
closed porosity. The porosity of the capping layer 161 1is
generally not greater than 5.0 vol %, such as not greater than
about 2.0 vol %, and particularly not greater than about 1.0
vol %.

The capping layer 161 has an average thickness that 1s less
than that of the high-k dielectric layer 159, such that it has an
average thickness of not greater than about 100 microns, such
as not greater than about 50 microns. Still, the capping layer
161 is suiliciently thick, having an average thickness of not
less than about 10 microns, such as not less than about 20
microns. According to one particular embodiment, the aver-
age thickness of the capping layer 161 i1s within a range of
between about 10 microns to about 50 microns.

According to one particular embodiment, the top surface of
the capping layer 161 is particularly smooth. As such, the
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capping layer 161 has an average surface roughness, R _, of
not greater than about 40 microns on the top surface of the
capping layer. According to another embodiment, the capping
layer 161 has a surface roughness (R ) not greater than about
20 microns, and 1n particular embodiments, not greater than
about 10 microns. Such a surface facilitates suitable contact
between the capping layer 161 and the chucked workpiece,
providing effective chucking performance. Formation of such
a capping layer 161 having such a planar top surface can be
completed via a fine grinding or polishing process which may
utilize a mechanical or chemical process.

In reference to the geometry of the electrostatic chuck, the
clements provided by embodiments here can be utilized to
form a chuck for use with insulating substrates. Typically, the
clectrostatic chuck has an average length of not less than
about 1.0 meter, such as not less than about 1.2 meters, and in
particular cases, not less than about 1.5 meters. Correspond-
ingly, the average width of the electrostatic chuck 1s not less
than about 0.5 meters, such as not less than 0.75 meters, and
particularly not less than about 1.0 meters.

Referring to FIG. 2, a cross-sectional diagram of an elec-
trostatic chuck according to a particular embodiment 1s 1llus-
trated. The chuck includes a substrate 201 and an 1nsulating,
layer 203 overlying the substrate 201. The electrostatic chuck
turther includes a conductive layer 203 overlying the insulat-
ing layer 203, and an arc elimination layer 207 overlying the
conductive layer 205. The electrostatic chuck further includes
a high-k dielectric layer 209 overlying the arc elimination
layer 207 and a capping layer 211 overlying the high-k dielec-
tric layer 209. As also illustrated, a workpiece 215 is being
chucked to the capping layer 211. Such a workpiece can be an
insulating workpiece such as glass and particularly a glass
panel being processed for a display.

In further reference to FIG. 2, the diagram further illus-
trates a direct current source 217 connected to a ground.
Notably, the direct current source 217 1s connected to the
conductive layer 205 and provides the bias necessary to create
a capacitor between the conductive layer 205 and the work-
piece 215. It will be appreciated that in certain instances
where the workpiece 215 1s an 1nsulating maternial, the chuck-
ing force will require the utilization of a plasma within the
processing chamber to provide necessary attractive forces to
hold the workpiece 215 1n place on the chucking surface.

It will be appreciated that while FIG. 2 illustrates a cross-
sectional view of the layers, provision of contacts between the
conductive layer 205 and cooling channels can be imple-
mented within the electrostatic chuck provided herein. Gen-
erally, cooling channels accommodate cooling of the work
piece by providing pathways for a cooling gas through the
clectrostatic chuck to the back surface of the work piece. Such
cooling channels can extend through the layers of the ESC,
such as from the substrate through to the top surface. Gener-
ally, the cooling gas includes a noble gas, such as helium.

This disclosure also provides a method of forming an elec-
tronic device using an electrostatic chuck as described in
embodiments herein. Once the electrostatic chuck 1s provided
within the processing chamber a workpiece can be provided
to the work surface of the electrostatic chuck. According to
embodiments herein, the work surface of the electrostatic
chucks generally includes a high-k dielectric layer or a cap-
ping layer. The workpiece can be provided 1n proximaity to the
work surface. The workpiece can generally include an 1nor-
ganic material and particularly 1s formed principally of a glass
phase, such as a silicon-oxide based component. According to
one embodiment, the workpiece 1s a display panel, intended
for final application as a display, or the like. Notably, such
displays can include liquid crystal displays (LCDs), plasma
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10
displays, electroluminescent displays, displays utilizing thin-
film-transistors (TFTs), and the like.

Generally, the workpieces can be large and 1n some cases,
rectangular in shape, such that they have a length of not less
than about 0.25 m, such as not less than about 0.5 m or even
not less than about 1.0 m. Accordingly, the average width of
such workpieces 1s generally not less than about 0.25 m, such
as not less than about 0.5 m, and still, not less than about 1.0
m.

According to one embodiment, an electrostatic chuck and
workpiece can be provided within a processing chamber for
processing. Generally, processing of the workpiece can
include chemical processing, such as a photolithography and
chemical processing, and more particularly can include a
masking, etching, or deposition process, or a combination of
all such processes. In one embodiment, processing of the
workpiece includes etching, such as a plasma etching pro-
cess. According to another embodiment, processing of the
workpiece includes a thin-film deposition process, such as
one utilizing a vapor deposition process, such as chemical
vapor deposition (CVD), and particularly a plasma assisted
CVD process.

According to one embodiment, processing of the work-
piece mcludes forming electronic devices on the workpiece,
such as transistors, and more particularly, processing of the
workpiece includes forming a series of transistors, or an array
of transistors, such as a TFT. As such, the workpiece can
undergo multiple masking, deposition and etching processes.
Moreover, such a process can include deposition of metals,
semiconductive materials, and insulating materials.

Generally, such processing 1s undertaken at reduced pres-
sures, and according to one embodiment, processing of the
workpiece 1s done at a pressure of not greater than about 0.5
atm, such as not greater than about 0.3 atm, or not greater than
about 0.1 atm.

According to embodiments described above, an electro-
static chuck incorporating multiple layers 1s provided which
has an improved design and eflectiveness. In particular,
embodiments describe a combination of features including, a
multi-layered design combining particular materials for each
of the layers and engineered mechanical and electrical prop-
erties of each of the layers selected. Moreover, according to
embodiments herein, electrostatic chucks are disclosed that
are suitable for holding larger workpieces, particularly 1nsu-
lating workpieces. Accordingly, various embodiments are
well-suited to avoid catastrophic failure, particularly 1n the
context of those applications utilizing large electrical poten-
tials, and are well-suited to perform in the presence of elec-
trical potentials 1n excess of 3 kV and as great as 5 kV. The
combination of features provided in various embodiments
herein enable improved ESCs having improved performance,
durability, and operational lifetime.

While the invention has been 1llustrated and described 1n
the context of specific embodiments, it 1s not mntended to be
limited to the details shown, since various modifications and
substitutions can be made without departing 1n any way from
the scope of the present invention. For example, additional or
equivalent substitutes can be provided and additional or
equivalent production steps can be employed. As such, fur-
ther modifications and equivalents of the imnvention herein
disclosed may occur to persons skilled 1n the art using no
more than routine experimentation, and all such modifica-
tions and equivalents are believed to be within the scope of the
invention as defined by the following claims.

What 1s claimed 1s:

1. A Coulombic electrostatic chuck comprising:

a substrate;
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a conductive layer overlying the substrate;

an arc elimination layer overlying the conductive layer,
wherein the arc elimination layer comprises a normal-
ized resistance of not less than about 10* Ohms/cm” and
an 1onic conductor; and

a high-k dielectric layer overlying the arc elimination layer,
wherein the high-k dielectric layer has a dielectric con-
stant of not less than about 10 and a resistivity of not less

than about 10'' Ohm-cm.

2. The electrostatic chuck of claim 1, wherein the substrate
has an average thickness of not less than about 2.0 mm.

3. The electrostatic chuck of claim 1, further comprising an
insulating layer disposed between the substrate and the con-
ductive layer.

4. The electrostatic chuck of claim 1, wherein the insulat-
ing layer comprises an oxide-based material selected from the
group ol materials consisting of aluminum oxide, silicon
oxide, zirconium oxide, hafnium oxide, titanium oxide, chro-
mium oxide, yttrium oxide, 1rron oxide, barium oxide, bartum
titanate, tantalum oxide and combinations and compound
oxides thereof.

5. The electrostatic chuck of claim 1, wherein the conduc-
tive layer comprises a sheet resistance of not greater than
about 10° Ohms.

6. The electrostatic chuck of claim 1, wherein the conduc-
tive layer comprises a metal selected from the group of metals
consisting of titantum, molybdenum, nickel, copper, tung-
sten, silicon, and aluminum and combinations and metal
alloys thereof.

7. The electrostatic chuck of claim 1, wherein the conduc-
tive layer comprises an adhesion promoting material.

8. The electrostatic chuck of claim 1, wherein the arc
climination layer comprises an inorganic material.

9. The electrostatic chuck of claim 8, wherein the arc
climination layer comprises an oxide-based material.

10. The electrostatic chuck of claim 9, wherein the oxide-
based material 1s selected from a group of oxide materials
consisting of aluminum oxide, silicon oxide, zirconium
oxide, hainium oxide, titanium oxide, chromium oxide,
yttrium oxide, 1ron oxide, barium oxide, barium titanate, tan-
talum oxide and combinations and compound oxides thereof.

11. The electrostatic chuck of claim 1, wherein the arc
climination layer has an average thickness of not greater than
about 500 microns.

12. The electrostatic chuck of claim 1, wherein the arc
climination layer comprises a porosity of not greater than

about 10 vol %.

13. The electrostatic chuck of claim 1, wherein the high-k
dielectric layer comprises a dielectric material having a
dielectric constant not less than about 15.
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14. The electrostatic chuck of claim 1, wherein the high-k
dielectric layer has a resistivity of not less than about 10'°

Ohm-cm.

15. The electrostatic chuck of claim 1, further comprising
a capping layer overlying the high-k dielectric layer.

16. The clectrostatic chuck of claim 15, wherein capping
layer has a planar surface having a surface roughness (R ) of
not greater than about 40 microns.

17. A method of forming an electrostatic chuck compris-
ng:

providing a substrate;

forming a conductive layer comprising a conductive mate-

rial overlying the substrate;

forming an arc elimination layer overlying the conductive

layer, wherein the arc elimination layer comprises a
normalized resistance of not less than about 10* Ohms/
cm” and an ionic conductor; and

forming a high-k dielectric layer overlying the arc elimi-

nation layer, wherein the high-k dielectric layer has a
dielectric constant of not less than about 10 and a resis-
tivity of not less than about 10"" Ohm-cm.

18. The method of claim 17, wherein the method further
comprises forming an 1nsulating layer between the substrate
and the conductive layer.

19. The method of claim 18, wherein forming the msulat-
ing layer comprises a deposition process.

20. The method of claim 17, wherein forming the arc
climination layer comprises a deposition process.

21. The method of claim 17, wherein the method further
comprises forming a capping layer overlying the high-k
dielectric layer.

22. The method of claim 21, wherein the capping layer has
a porosity of not greater than about 5.0 vol %.

23. A method of forming an electronic device comprising:

providing a Coulombic electrostatic chuck comprising (1) a

substrate, (11) a conductive layer overlying the substrate,
(111) an arc elimination layer overlying the conductive
layer, wherein the arc elimination layer comprises a
normalized resistance of not less than about 10* Ohms/
cm” and an ionic conductor, and (iv) a high-k dielectric
layer overlying the arc elimination layer, wherein the
high-k dielectric layer has a dielectric constant of not
less than about 10 and a resistivity of not less than about

10'" Ohm-cm, the high-k dielectric layer defining a

work surface;
providing a workpiece overlying the work surface;
providing a voltage across the electrostatic chuck and the

workpiece to maintain the workpiece i proximity to the
work surface; and
processing the workpiece to form an electronic device.
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